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RAPID WHOLE GENOME AMPLIFICATION

The present Application claims priority to U.S. Provisional
Application Ser. No. 61/428,076 filed Dec. 29, 2010, the
entirety of which 1s incorporated by reference herein.

FIELD OF THE INVENTION

The present invention provides compositions and methods
tor rapidly amplifying target nucleic acid (e.g., using whole
genome amplification) that allows small amounts of starting
nucleic acid to be employed. In certain embodiments, the
methods employ compositions that comprise: phi29 poly-
merase, exo- Klenow polymerase and/or Klenow poly-
merase, dNTPs, primers, and a buflering agent. In some
embodiments, the target nucleic acid 1s amplified at a rate that
would result 1n at least 1000-told amplification 1n thirty min-
utes.

BACKGROUND

In many fields of research such as genetic diagnosis, cancer
research or forensic medicine, the scarcity of genomic DNA
can be a severely limiting factor on the type and quantity of
genetic tests that can be performed on a sample. One
approach designed to overcome this problem 1s whole
genome amplification. The objective 1s to amplify a limited
DNA sample 1n a non-specific manner in order to generate a
new sample that 1s indistinguishable from the original but
with a higher DNA concentration. The aim of a typical whole
genome amplification technique 1s to amplify a sample up to
a microgram level while respecting the original sequence
representation.

The first whole genome amplification methods were
described 1 1992, and were based on the principles of the
polymerase chain reaction. Zhang and coworkers (Zhang, L.,
etal. Proc. Natl. Acad. Sc1. USA, 1992, 89: 5847-5851; herein
incorporated by reference) developed the primer extension
PCR technique (PEP) and Telenius and collaborators (Tele-
nius et al., Genomics. 1992, 13(3):718-25; herein incorpo-
rated by reference) designed the degenerate oligonucleotide-
primed PCR method (DOP-PCR). PEP involves a high
number of PCR cycles, generally using Taq polymerase and
15 base random primers that anneal at a low stringency tem-
perature. DOP-PCR 1s a method which generally uses Taq
polymerase and semi-degenerate oligonucleotides (such as
CGACTCGAGNNNNNNATGTGG (SEQ ID NO: 12), for
example, where N=A, T, C or G) that bind at a low annealing
temperature at approximately one million sites within the
human genome. The first cycles are followed by a large num-
ber of cycles with a higher annealing temperature, allowing,
only for the amplification of the fragments that were tagged 1n
the first step.

Multiple displacement amplification (MDA, also known as
strand displacement amplification; SDA)1s anon-PCR-based
1sothermal method based on the annealing of random hexam-
ers to denatured DNA, followed by strand-displacement syn-
thesis at constant temperature (Blanco et al., 1989, J. Biol.
Chem. 264:8935-40; Dean, F. B. et al. (2002) Comprehensive
human genome amplification using multiple displacement
amplification; Proc. Natl. Acad. Sc1. USA 99,5261 ; and Van,
I. et al. (2004) Assessment of multiple displacement ampli-
fication 1n molecular epidemiology. Biotechniques 37, 136;
all of which are herein incorporated by reference). It has been
applied to small genomic DNA samples, leading to the syn-
thesis of high molecular weight DNA with limited sequence
representation bias (Lizard: et al., Nature Genetics 1998, 19,
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225-232; Dean et al., Proc. Natl. Acad. Sc1. U.S.A. 2002, 99,
5261-5266; both of which are herein 1incorporated by refer-
ence). As DNA 1s synthesized by strand displacement, a
gradually increasing number of priming events occur, form-
ing a network of hyper-branched DNA structures. The
reaction can be catalyzed by the Phi29 DNA polymerase or
by the large fragment of the Bst DNA polymerase. The
Phi29 DNA polymerase possesses a prooireading activity
resulting i error rates 100 times lower than the Taq poly-
merase. MDA type methods, however, require many hours
(e.g., 6 hours) to generate a suflicient fold amplification.

What 1s needed are whole genome amplification methods
that are faster than known methods.

SUMMARY OF THE INVENTION

The present invention provides compositions and meth-
ods for rapidly amplifying target nucleic acid (e.g., using
whole genome amplification) that allows small amounts of
starting nucleic acid to be employed. In certain embodi-
ments, the methods employ compositions that comprise:
ph129 polymerase (or Bst DNA polymerase, or other strand
displacing polymerase), exo- Klenow polymerase and/or
Klenow polymerase (or other DNA polymerase), dNTPs,
primers, and a buflering agent. In some embodiments, the
target nucleic acid 1s amplified at a rate that would result 1n
at least 1000-fold amplification 1n thirty minutes.

In some embodiments, the present mmvention provides
methods of amplitying target nucleic acid comprising: a)
providing a sample comprising: 1) target nucleic acid, 11)
ph129 polymerase (or Bst DNA polymerase, or other strand
displacing polymerase), 11) exo- Klenow polymerase and/or
Klenow polymerase (or other DNA polymerase), 1v) dNTPs,
v) primers, and vi) a buflering agent; and b) treating the
sample under conditions such that the target nucleic acid 1s
amplified thereby generating amplified target nucleic acid.
In certain embodiments, the treating i1s conducted for no

more than 4 hours (e.g., no more than 2 hours . . . no more
than 1.5 hours . . . no more than 1.0 hour . . . no more than
45 minutes . . . no more than 35 minutes . . . no more than

30 minutes . . . no more than 15 minutes). In certain
embodiments, the treating 1s conducted between 10 minutes
and 2 hours (e.g., 15 minutes-1.5 hours or 20 minutes to 1
hour).

In certain embodiments, the present invention provides
compositions or samples comprising: 1) phi29 polymerase
(or Bst DNA polymerase, or other polymerase, such as a
strand displacing polymerase), 11) exo- Klenow polymerase
and/or Klenow polymerase (or other DNA polymerase), 111)
dNTPs, 1v) primers, and 1v) a buflering agent. In particular
embodiments, the compositions or samples further comprise
target nucleic acid.

In particular embodiments, the treating 1s under 1sother-
mal conditions. In other embodiments, the target nucleic

acid 1s amplified at a rate that would result 1n at least
200-fold . . . 500-fold . . . 1000-fold . . . 1500-fold . . .

2000-fold . . . or at least 2500-fold amplification in 30
minutes. In certain embodiments, the target nucleic acid 1s
present in the sample (or composition) at a level between 1

ng and 100 ng (e.g., 1-10 ng; 10-40 ng; 50-75 ng; 75-100
ng).

In other embodiments, the primers are random primers. In
certain embodiments, the target nucleic acid 1s genomic
DNA. In some embodiments, the sample further comprises
a phosphatase. In particular embodiments, the sample fur-
ther comprises a pyrophosphatase. In additional embodi-
ments, the dN'TPs are at a concentration of at least 10 mM
of each of the four bases (e.g., at least 10 mM . . . at least
15mM ... atleast 20 mM . . . at least 25 mM . . . at least
30 mM or higher).
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In some embodiments, the sample comprises the Klenow
polymerase. In further embodiments, the sample comprises
the exo- Klenow polymerase. In additional embodiments, the
buflering agent comprises tris(thydroxymethyl) ami-
nomethane (TRIS).

In particular embodiments, the sample (or composition)
turther comprises at least one component (or at least two, or
at least three, or at least four, or all five components) selected
from the group consisting of: an emulsifier, a divalent metal
cation, an morganic salt, an alpha-linked disaccharide, and a
reducing agent. In other embodiments, the emulsifier 1s a
polysorbate. In some embodiments, the polysorbate 1s
selected from the group consisting of: Tween 20, Tween 40,
Tween 60, or Tween 80. In other embodiments, the inorganic
salt 1s ammonium sulfate. In additional embodiments, the
alpha-linked disaccharide comprises Trehalose. In some
embodiments, the reducing agent comprises dithiothreitol

(DTT).

DESCRIPTION OF THE FIGURES

FIG. 1 shows {fold-amplification WGA results from

Example 1 where the A7 buller and B4 enzyme were tested at
various times (15 minutes and 30 minutes) and various tem-
peratures (30C, 37C, and 39C).

FIG. 2 shows a comparison of the fold-amplification

results using the A7 and A9 buflers in whole genome ampli-
fication at 37C for 30 minutes.

FIG. 3 shows ifold-amplification WGA results from
Example 3 where various enzymes were tested.

FIG. 4 shows fold-amplification WGA results from
Example 4 where various enzyme and enzyme combinations
were tested.

FIG. 5§ shows fold-amplification WGA results from
Example 5 where various conditions and enzymes were tested
in A9 bufler.

FIG. 6 shows {fold-amplification WGA results from
Example 6 where various amounts of Klenow exo- were
tested 1n A9 buller.

FIG. 7 shows ifold-amplification WGA results from
Example 7 where various enzymes were tested in A9 butler.

FIG. 8 shows ifold-amplification WGA results from
Example 8 where various concentrations of dNTPs were
tested.

FI1G. 9 shows a comparison of the WGA fold-amplification
results using the A7 bufler (with B4 enzyme mix) and the A9
bufler (using the B5 enzyme mix) as described in Example 9.

FIG. 10 shows a comparison of the WGA fold-amplifica-
tion between standard conditions (using 6 hours) and various
combinations of Phi29, Klenow or Klenow exo-, and pyro-
phosphatase (using 40 minutes).

DETAILED DESCRIPTION

The present invention provides compositions and methods
tor rapidly amplifying target nucleic acid (e.g., using whole
genome amplification) that allows small amounts of starting
nucleic acid to be employed. In certain embodiments, the
methods employ compositions that comprise: phi29 poly-
merase, exo- Klenow polymerase and/or Klenow poly-
merase, dNTPs, primers, and a buflering agent. In some
embodiments, the target nucleic acid 1s amplified at a rate that
would result 1n at least 1000-fold amplification 1n thirty min-
utes.

The present invention provides methods for the rapid
amplification of whole genomic DNA. In certain embodi-
ments, the methods of the present mvention are able to gen-
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crate significant amounts of DNA from trace levels. This
allows samples with very low levels of DNA content to be
amplified and used, for example, 1n further diagnostic tests
(e.g., Torensic testing). For example, the reaction conditions
provided by embodiments of the present invention generate
2-5ug of DNA from 1 ng of starting DNA (~2500x amplifi-
cation), 1n a 30 minute reaction.

In the prior art, whole genome amplification reactions took
many hours (e.g., 6-12 hours) to generate a significant amount
of material. The present invention greatly shortens this time
requirement (e.g., reduces the time to 30 minutes).

In certain embodiments, the buller and enzyme mixture
shown 1n Table 1, or similar mixtures are employed.

TABLE 1
Template DNA
Tris HCL 0.04025 M
Tris Base 0.00975 M
MgCl2 0.012 M
(NH,4)>,S0, 0.01 M
Trehalose 0.5656 M
Tween-40 1%
DNTP mix 100 mM (25 mM each) Bioline 2.8 mM
DTT 0.004 M
Primer Mix 0.05 mM
Enzyme mix 1 ul =30 U Ph129 & 20 U Klenow & 009 U 100 ul
Pyrophosphatase 2 ulrxn

One exemplary protocol using the mixture from Table 1 1s as
tollows. The starting genomic DNA (>10 pg-1 ng) 1s added to
the buller mixture 1n Table 1 to a final volume of 96 ul. The
DNA 1s heat denatured at 95C for 1 minute, and the cooled to
4C and held at that temperature for 30 minutes (for amplifi-
cation). Then mixture 1s then incubated at 75C for 10 minutes
for heat inactivation of the enzymes. The levels of amplifica-
tion may be determined qualitatively by gel electrophoresis
and quantitatively by gPCR reactions.

The present invention shortens the time and increases the
yield of current whole genome amplification protocols.
Therefore, 1n some embodiments, 1t 1s useful 1n any assay that
requires large amounts of DNA or assays that require a trace
sample to be split into many test reactions such as Next Gen

Sequencing Sanger sequencing, DNA microarrays, Broad-
range PCR.

EXAMPLES

Matenals and Methods for the Examples Below

The bufler and enzyme formulations that were employed
are shown 1n Table 2 below:

TABLE 2
Bufter Formulations
Al base Pellet A-Mix A9 base
Tris pH 7.6 50 mM 50 mM 50 mM
MgCl2 12 mM 12 mM 12 mM
(NH4)2504 10 mM 10 mM 10 mM
Betaine 566 mM 0 mM 0 mM
Trehalose 566 mM 566 mM 566 mM
Tween 40 1% (w/v) 0.05% (w/v) 1% (w/v)
DTT 0 mM 4 mM 0 mM

It 1s noted that making complete A7 buller or A9 builer
involves adding primers, dN'TPs and DTT as described in the
Examples below.
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Pellet A-mix already has primers and DNTPs at the con-
centrations found 1 A7 The additional enzyme mixes and
enzyme pellets employed are shown 1n Table 3 below.

TABLE 3
Enzyme Pellets
B4 (1e #11, B4, etc.)
Phi 29 Polymerase 44.8 units 44.8 units
Pyrophospatase 0.007 units 0.007 units
Polymerase Pol I 0.90 units 0.90 units
BSA 37.5 ug 37.5 ug
Glycerol 50% (v/v) 0% (v/v)

It 1s noted that all of the Ivophilized enzymes used are the
same formulation despite diflerent names.

A-mix for pellets

Per 100 ul Rxn
A mix 47.80
DTT 0.38
Primer 4.77
DNTP 1.91
Poly A 0.14
total 55.00
water 15.00

A-mix fix for pellets

Per 100 ul Rxn
A mix 53.13
DTT 0.38
Primer 4.77
DNTP 1.91
Poly A 0.14
total 60.33
water 0.68

Example 1

Selection of Time and Temperature for Whole
Genome Amplification Reactions

In thus Example, varying temperature (30, 37 and 39C)
were tested for 15 and 30 minutes with whole genome ampli-
fication methods. Each reaction has 100 ul total volume in A7
complete with 1 ng human genomic DNA. The reactions were
heated to 95C for 1 minute and then cooled to 0C and held at
that temperature for 5 minutes. Then, 5 ul of B4 whole
genome amplification (WGA) enzymes were added, the reac-
tions were mixed with vortexing and held at 4C for 10 m,
tollowed by shifting the reactions to either 30C, 37C or 39C
for either 15 or 30 minutes. The reactions were heat killed at
65C for 10 minutes followed by holding the reactions at 4C
till needed. The results are shown in FIG. 1, which showed
that 30 minutes at 37C gave good fold amplification.

It 1s noted, to make A7 complete, 1000 ul of A7 base (see
Table 2) was combined with 6.1 ul IM DTT, 75.9 ul of 1 mM
random 7 mers, 30.4 ul of ANTP (25 mM each) and 2.3 ul of
polyA (1 mg/ml sonicated). For quantitating the results
(shownin FIG. 1), 2 ul of each reaction was diluted in 18 ul of
DNA dilution buffer, sonicated 1n a water bath sonicator >200
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W for 3 minutes at 4C. The samples were then tested in gPCR
reaction with a standard curve of human genomic DNA.

Example 2

Whole Genome Amplification Bufler Optimizations

This Example performed whole genome amplification at
37C for 30 minutes with different bufler formations. All
reactions were at 100 ul total volume 1n thin walled PCR tubes
with 1 ng of B. anthracis (BA) DNA. The bufler 1n reaction 1
was “Amix for pellets” bufler. Reaction 2 buller was “Amix-
fix for pellets,” reaction 3 buller was A7 complete, and reac-
tion butler #4 was A9-pellets+H?20.

Allreactions were heated to 95C for 2 minutes, then cooled
to 4C for 5 minutes. To reactions 1, 2 and 4 there was 1 WGA
enzyme pellet #11 added. B4 enzyme mix (5 ul) was added to
reaction 3. All reactions were vortexed, heated to 37C for 30
minutes, followed by 65C for 10 m and shifted to 4C to hold.
No template controls were included with no BA DNA. Each
test condition was tested 1n duplicate. Fold amplification was
determined with BA specific gPCR reactions. The results are
shown 1n FIG. 2, which show that the A9 bufler, using 37C for
30 minutes, provided increased fold amplification

Example 3

WGA Enzyme Optimization

This Example explored the effects of additions of E. coli
DNA polymerase, Klenow exo- enzyme, and T4 DNA poly-

merase to the WGA reactions with and without the addition of
higher levels of ANTP.
A9 complete buller was made with the following reagents:

A9 base bag5 1000
DTT 1M 6.5
Primers 1 mM 81.2
dNTP 25 mM each (C13) 32.5
dH20 16.2
1136.4 total volume.

All reactions were at 100 ul total volume 1n A9 complete
bufler in thin walled PCR tubes with 200 pg of K. preumoniae
(KP) DNA. Each reaction was heated to 95C for 1 m and
cooled to 4C for 5 m. Then the following additions were
made:
To reaction 1, 1 WGA enzyme bead #11.
Toreaction2, 1 WGA enzyme bead #1 1 and 40u of Klenow
eXO0-.

To reaction 3, 1 WGA enzyme bead #11, 40u of Klenow
exo- and 4 ul ANTP mix (10 mM each).

Toreaction 4, 1 WGA enzyme bead #11 and 6u of T4 DNA
polymerase.

To reaction 5, 1 WGA enzyme bead #11 and 18u of T4
DNA polymerase.
To reaction 6, 5 ul of B4 enzyme mix.
To reaction 7, 5 ul of B4 enzyme mix and 40u of Klenow
eXO0-.

To reaction 8, 5 ul of B4 enzyme mix and 40u of Klenow
exo- and 4 ul of dNTP.
All reactions were brought to 100 ul with H20. Each reaction
was vortexed well and incubated at 37C for 30 m, followed by
a 75C 10 m incubation and then the reactions were stored at
-20C. The DNA amplification was quantitated with a XK.

preumoniae specific qPCR reaction. Results are shown 1n
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FI1G. 3, which shows that additional Klenow exo- and dNTPs
enhances the speed of WGA, while T4 DNA polymerase

decreases the speed of WGA.

Example 4

Addition of Other DNA Polymerases to WGA
Reaction

This Example was used to determine the effects of the
addition of other DNA polymerases to the WGA reaction.
Each reaction was run 1n A9 complete with 1 ng of K. preu-
moniae genomic DNA. Each reaction contained 70 ul and was
heated to 95C for 1 m followed by 15 minutes at 4C.

To reaction 1 was added 350u of Phi29 DNA polymerase.

To reaction 2 was added 50u of Phi29 DNA polymerase
and 5u of £. coli DNA polymerase.

To reaction 3 was added 50u o1 Phi29 DNA polymerase, 5Su
of £. coli DNA polymerase and 40u of Klenow exo-.

To reaction 4 was added Su of E. coli DNA polymerase and
40u of Klenow exo-.

To reaction 5 was added 40u of Klenow exo-.

To reaction 6 was added 5 ul of B4 WGA enzyme mix.
Each reaction was 1ncubated at 37C for 30 m followed by a

heat 1nactivation at 75C for 10 m. Reactions were stored at
-20C. The results are shown 1n FIG. 4.

Example 5

Optimizing WGA Reaction Components in A9
Complete Buller

All reactions were set up to be 1n a 100 ul total volume. For
cachreaction, 70 ul A9 complete was combined with 1 ul (200
pg/ul) K. preumoniae genomic DNA and 19 ul of H20. This
was heated to 95C for 2 minutes, and then cooled to 4C and
held at 4C for 10 m. Reaction 1 1s the control reaction, to
which was added 5 ul of H20. Reaction 2 received 4 ul of H20
and 1 ul of ph129 DNA polymerase (100 v/ul). Reaction 3
received 4 ul of H20 and 1 ul of ANTP (10 mM each). Reac-
tion4 recerved 4 ul of H20 and 1 ul of £. coli DNA polymerase
Klenow fragment exo- (40 u/ul). Reaction 3 received 5 ul of
dNTP. To all reactions was added 1 bead of lyophilized
enzyme B4. The reactions were mixed well and incubated at
3°7C for 30 minutes, followed by 65C for 10 m and then stored
at —20C overnight. The quantization was done with qPCR
specific for K. preumoniae DNA. The results are shown 1n

FIG. 5.

Example 6

WGA Enhancement with Klenow exo-

In this Example, all reactions were set up 1n 100 ul total
volume with A9 complete butler. Each reaction contained 70
ul of A9 butler, 1 ul of XK. preumoniae DNA (200 pg/ul), and
21 ul of H20. All reactions were heated to 95C for 1 m and
then held at 4C for 5 m.

To reaction 2, 6u of Klenow DNA polymerase.

To reaction 3, 18u of Klenow.

To reaction 4, 6u of Klenow exo-.

To reaction 5, 18u of Klenow exo-.

To reaction 6, 40u of Klenow exo-.

All reactions were brought to 95 ul with H20. To all reactions
was added 1 WGA enzyme pellet. The reactions were vor-
texed and heated at 37C for 30 minutes, followed by 65C for

10 m and stored at —=20C. The quantitation was performed
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with gPCR specific for Kp DNA. The results are shown in
FI1G. 6, which shows that 40u of Klenow exo- enhances fast
WGA, while Klenow did not 1n this particular Example.

Example 7

WGA Enzyme Optimization Phi29 Titration +/—
Klenow exo-

In this Example, all reactions were at 100 ul volume 1n thin
walled PCR tubes, with A9 complete bufler and 1 ng of Kp
DNA. All reactions were heated to 95C for 1 m and then held
at 4C for 5 m. Reaction 1 recetved 25u of phi29 DNA poly-
merase, reaction 2 got 50u, reaction 3 got 100u, reaction 4
recerved 25u, reaction 5 recerved 50u and reaction 6 recerved
100u of ph129DNA polymerase. In addition, reaction 4-6
recerved 40u of Klenow exo-.

The reactions were incubated at 37C for 30 minutes, fol-

lowed by 75C for 10 m and then held at 4C till required.
Quantitation was with KP specific gPCR reactions. FIG. 7
shows the results, which shows that 100u phi29+40u Klenow
exo- works well for fast WGA (giving over 2,500 fold ampli-
fication 1n 30 minutes).

Example 8
WGA dNTP Optimization

In this Example, each reaction was 100 ul in thin walled
PCR tubes with A9 complete buller with 1 ng of Kp DNA. All
reactions were heated to 95C for 1 minute and then held at 4C
for 5 minutes. Reaction 1-5 received 100u of phi29 DNA
polymerase. In addition, reaction 2-3 received 40u of Klenow
exo0- enzyme. Also, reaction 3-5 recerved additional dNTP.
Reaction 3 received a 400 uM 1ncrease in dN'TP, reaction 4
received a 200 uM increase and reaction 3 received a 100 uM
increase. All reactions were vortexed well, and incubated at
3’7C for 30 minutes, followed by 75C for 10 minutes and then
held at 4C. Quantitation was with KP specific gPCR reac-
tions. FIG. 8 shows the results and shows that additional
dNTP further enhances the fold amplification for WGA.

Example 9

Exemplary WGA Conditions

In this Example, all reactions were at 100 ul 1n thin walled
PCR tubes. Reaction 1 contained buffer A7 and the B4
enzyme cocktail. Reaction 2 contained bufler A9 and 100u of
ph129 DNA polymerase and 40u of Klenow exo- and a 200
uM 1ncrease 1n ANTP. Both reactions used 1 ng of K. preu-
moniae DNA as starting material. Prior to the enzyme addi-
tion, the reactions were heated to 95C for 1 minute followed
by 4C for 5 minutes. Then the appropriate enzyme cocktails
were added and the reactions were mixed well.

Reaction 1 was incubated at 30C for 30 minutes, reaction 2
was incubated at 37C for 30 minutes. Then both reactions
were heated to 75C for 10 minutes and held at 4C. Quan-
titation was with KP specific gPCR reactions. FIG. 9 shows
the results that shows that the A9 bufler and B5 enzyme
mix (B5 enzyme mix—100u ph129 DNA pol, 40u Klenow
exo-, 20 mM dNTP) provided dramatically superior
results, with over 2500-1old amplification 1n 30 minutes by
WGA.




US 9,428,801 B2

9

Example 10

Exemplary Fast WGA Conditions

This Example compares the standard A7 bufler to the A9
bufler of the present invention with additional dNTPs. All
reactions were at 100 ul total volume and contained 1 ng of Kp
DNA template. All reactions were heated to 95C for 1 minute
and then held at 4C for 5 minutes prior to enzyme addition. All
reaction conditions were tested 1n triplicate.

The standard WGA reaction (reaction #1) contained A7
complete bufler and B4 enzyme cocktail. The reaction was
tor 6 hours at 30C, followed by 65C for 10 minutes. Reaction
#2 was with A9 butler, 100u ph129 DNA polymerase and 40u
of Klenow exo- DNA polymerase. Reaction #3 was 1dentical
to reaction #2 with the addition of 0.02u of pyrophosphatase.
Reaction #4 was with A9 bufler, 100u ph129 DNA poly-
merase and 50u of Klenow DNA polymerase. Reaction #3
was 1dentical to reaction #4 with the addition of 0.02u of
pyrophosphatase. Reactions 2-5 were incubated at 37C for 40
m, then 75C tor 10 m. FIG. 10 shows the results.

All publications and patents mentioned in the present
application are herein incorporated by reference. Various
modification and variation of the described methods and com-
positions of the invention will be apparent to those skilled in
the art without departing from the scope and spirit of the
invention. Although the invention has been described 1n con-
nection with specific preferred embodiments, 1t should be
understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modi-
fications of the described modes for carrying out the invention
that are obvious to those skilled in the relevant fields are
intended to be within the scope of the following claims.

We claim:

1. A composition comprising: 1) phi29 polymerase, 11) €xo-
Klenow polymerase, 111) dNTPs, 1v) a bullering agent, and v)
poly(adenylic) acid.

2. The composition of claim 1, wherein said dNTPs are at
a concentration of at least 10 mM of each of the four bases.
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3. The composition of claim 1, wherein said composition
turther comprises at least one component selected from the
group consisting of a divalent metal cation, an 1norganic salt,
and a reducing agent.

4. The composition of claim 1, further comprising one or
more components selected from the group consisting of v) a
pyrophosphatase, vi) an alpha-linked disaccharnide, vii)
Tween 40, vi1) Tween 60, and 1x) Tween 80.

5. The composition of claim 1, wherein said phi29 poly-
merase 15 100u phi29 polymerase and said exo- Klenow
polymerase 1s 40u exo- Klenow polymerase.

6. The composition of claim 1, wherein said buflering

agent comprises Tris, MgCl,, (NH,),SO,, Trehalose, and
1% (w/v) Tween.

7. The composition of claim 1, wherein said buflering
agent comprises Tris pH 7.6, 12 mM MgCl,, 10 mM
(NH,),SO,, 566 mM Trehalose, and 1% (w/v) Tween.

8. The composition of claim 1, wherein said dN'TPs are 20
mM dNTP.

9. A composition comprising: 1) phi29 polymerase, 11)
exo- Klenow polymerase, 111) pyrophosphatase, 1v) primers,
v) dNTPs, 1v) a buflering agent comprising Tris, MgCl,,
(NH,),SO,, Trehalose, and 1% (w/v) Tween, and v) a
reducing agent.

10. The composition of claim 9, wherein said phi29
polymerase 1s 100u phi29 polymerase and said exo- Klenow
polymerase 1s 40u exo- Klenow polymerase.

11. The composition of claim 9, wherein said buflering
agent comprises Tris pH 7.6, 12 mM Mg(Cl,, 10 mM
(NH,),SO,, 566 mM Trehalose, and 1% (w/v) Tween.

12. The composition of claim 9, wherein said dNTPs are
at a concentration of at least 10 mM of each of the four
bases.

13. The composition of claim 9, wherein said dNTPs are
20 mM of each of the four bases.

14. The composition of claim 9, wherein said reducing
agent 15 DT'T.
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